Preterm newborns were found to be markedly hypotransferrinemic when compared with normal term infants. At birth the concentration of transferrin in sera from preterm infants of gestational age equal to or less than 32 weeks is 45% of that found in normal term infant sera. The preterm infant transferrin levels slowly rise so that 7-8 weeks after birth they are 78% of the level found in the sera of normal term infants. We also found that the serum transferrin concentrations at birth correlate with gestational age. Therefore, the transferrin levels postnatally in early preterm infants reflect postconceptional rather than postnatal age.
The serum iron-binding protein transferrin has been known to possess bacteriostatic and fungistatic activities since it was first described by Schade and Caroline in 1946 (20) . Subsequently, the function of transferrin as an iron transport protein has been well established (14) , but the role of transferrin in nonspecific immunity still remains to be clarified completely.
Nevertheless, the results of many recent studies have reiterated the bacteriostatic properties of serum transferrin in vitro and in vivo in experimental animals. I t has been concluded that iron-free transferrin is bacteriostatic because it can compete successfully with many pathogens for iron when this essential nutrient is present in limiting amounts (4-7, 10, 19,22) . Such a mechanism of bacteriostasis is reasonable considering the extraordinarily high affinity which transferrin has for iron (I).
In the normal human, serum transferrin is only 30-40% saturated with iron. Many pathologic states in which the saturation of transferrin with iron is elevated are associated with an increased occurrence of infection (7, 23, 24) . When children with kwashiorkor, whose transferrin levels are severely depressed (17) , are given iron therapy before their transferrin levels become normal, a high incidence of death from infection ensues (18) . Taken together, these various clinical observations support the concept that transferrin may play a role in nonspecific immunity to bacterial and fungal infections.
The transferrin in sera of newborns is highly saturated with iron (2 1). Since early preterm newborn infants are particularly susceptible to infection, the aim of this study was to examine the transferrin levels in the sera of these infants during their first few months of life.
MATERIALS AND METHODS
Transferrin was purified from a pool of outdated human blood by a modification of a method described previously (16) . Eight hundred milliliters of plasma were diluted in the cold with 800 ml 0.01 M Tris-HCI, pH 8.8. Nonglobulin proteins were precipitated by the addition of 1,600 ml of 0.6% Rivanol in 0.01 M Tris-HCI, pH 8.8. After 60 min Rivanol was removed from the supernatant fluid by vacuum filtration through a 400-ml column of potato starch equilibrated previously with 0.01 M Tris-HC1, pH 8.8. The effluent was concentrated to approximately 200 ml by ultrafiltration and the y-globulin fraction was precipitated by bringing the solution to 50% saturation with (NH4),S04 at room temperature. The supernatant fluid was dialyzed exhaustively against distilled H 2 0 at 4" and then lyophilized.
The lyophilized material was dissolved in a small volume of borate-phosphate buffer, pH 8.2 (1 1 m M Na,B,O,; 16 m M NaH2P0,), the transferrin was saturated with iron using ferric citrate (2) , and the solution was dialyzed against the borate-phosphate buffer and then applied to a column of DEAE-A50 Sephadex which had been equilibrated with the same buffer. After washing the column thoroughly with the starting buffer transferrin was eluted with 0.06 M NaCl in the borate-phosphate buffer. The transferrin solution was concentrated by ultrafiltration, dialyred exhaustively against distilled H 2 0 , and lyophilized.
A single precipitin line was obtained with the transferrin by immunodiffusion and immunoelectrophoresis against rabbit antiserum (25) to whole human serum, thus establishing the purity of the transferrin preparation.
Rabbits were immunized by the intramuscular injcction of 15 mg transferrin in complete Freund's adjuvant, followed 1 week later by the intramuscular injection of 25 mg in complete Freund's adjuvant. Sera were collected 10 days after the last injection and were stored at -20". A single precipitin line was obtained with these antisera by immunodiffusion and immunoelectrophoresis against whole human serum.
Newborn and adult transferrin were shown to be antigenically identical by immunodiffusion studies.
Tranferrin concentrations in newborn sera were determined by the radial immunodiffusion procedure of Mancini et al. (15) . Purified human transferrin and a pool of normal humad plasma were used as controls and for calibration curves.
Preterm and term infants whose birth weights were appropriate for gestational age were included in the study. The maternal POSTNATAL HYPO1 menstrual history correlated with the gestational age of these infants as judged by physical examination. Although the infants were sampled at different postnatal ages, they were selected at birth for the study and showed no evidence of congenital anomalies or respiratory distress.
The transferrin determinations were done on portions of blood samples which were obtained for routine biochemical and hematologic examination.
RESULTS
The serum transferrin levels at birth and up to 8 weeks after birth for a group of early preterm newborn infants whose ages were equal to or less than 32 weeks are presented in Figure I . For comparison the values for normal term infants and normal adults are also shown. At birth the concentration of transferrin in sera from the preterm infants were 45% of that found in normal term infant sera and 36% of the level in normal adult sera. The early preterm newborn infant's transferrin levels rise slowly so that 7-8 weeks after birth they are 78% of the level found in normal term infant sera and 63% of that in normal adult sera.
In another series of determinations, the serum transferrin concentrations at birth were compared with the gestational age of the infants. As shown in Figure 2 the level of transferrin in the sera of infants of 27-28, 29-34, and 35-38 weeks of gestational age were 41'70, 56%, and 80%, respectively, of the concentration found in the sera from infants of 39-42 weeks of gestational age.
It appears that the concentrations of transferrin in the sera of the infants which we studied were related to their postconceptional rather than their postnatal ages.
DISCUSSION
This study demonstrates clearly that early preterm newborn infants are hypotransferrinemic during the first postnatal months of life. Transferrin, the protein which transports iron in the body from the intestinal site of absorption and the sites of hemoglobin breakdown to the tissues requiring iron, as well as the various storage sites, has been shown to have bacteriostatic properties when not fully saturated with iron (4-7, 10, 19, 22) .
Although there is no evidence that the late anemia of prematurity can be prevented by prophylactic iron (3, 9, 13) , several authors have suggested that low birth weight infants be placed on prophylactic iron (8, 11) . Since the low birth weight infant has a lack of IgG and IgM antibodies (12) . the prolonged hypotransferrinemia may be an additional defect in host defense against bacterial invaders, particularly if the transferrin is saturated with iron. Therefore, the rationale for the administration of prophylactic iron to the early preterm newborn infant may be questionable.
SUMMARY
Early preterm newborn infants are markedly hypotransferrinemic during their first few months of life postnatally. Their serum transferrin levels reflect their postconceptional rather than their postnatal ages.
